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Hyperbaric oxygen therapy (HBOT) is a treatment that delivers 100% oxygen at increased atmospheric pressures. The efficacy of
HBOT for treating pain has been described in various animal pain models and may have clinical efficacy in the treatment of human
chronic pain syndromes. We present our experience with posttraumatic Complex Regional Pain Syndrome (CRPS) type 2 in a
patient who underwent 15 sessions of HBOT. A 4l-year-old male with one-year history of CRPS of left foot followed by left ankle
fracture demonstrated less pain, decreased swelling, less allodynia, and improvement in skin color and range of motion of the
lower limb after 3 weeks of HBOT. Patient was back to work for the first time in over a year. HBOT may be considered as a valuable

therapeutic tool in the treatment of long-standing CRPS.

1. Introduction

Mechanisms of Complex Regional Pain Syndrome (CRPS)
are poorly understood. Tissue hypoxia and inflammation
can play an important role in the pathophysiology of this
potentially debilitating condition [1-3]. We present the case
of patient (G.G.) with CRPS type 2 of his lower leg that
responded to a 3-week course of hyperbaric oxygen therapy.
On February 21, 2014, G.G. slipped on ice in a parking lot
while leaving work for the day and sustained a Weber B left
ankle fracture. On February 23, 2014, he underwent an open
reduction internal fixation of his ankle. His postoperative
course was complicated with a cellulitis infection treated
with antibiotics. Intense acute pain developed in his left
ankle and foot immediately after the injury and the pain
was very difficult to control postoperatively. G.G. developed
persistent pain, which he described as having intermittent
shooting qualities and severe electric shock episodes. It was
accompanied with swelling, skin discoloration, allodynia,
and temperature changes leading to diagnosis of CRPS of
the left foot in April 2014. The computed tomography of
the left ankle 6 months after surgery demonstrated union

of the lateral malleolar fracture. Ultrasound of the left
ankle at the same time was unremarkable. The patient was
engaged in a rehabilitation program that focused on pain
management, desensitization techniques, range of motion
exercises, balance, gait retraining, and endurance training.
G.G. was under the care of a chronic pain physician and
his medication regimen included pregabalin 75mg twice
daily, acetaminophen and NSAIDs as needed, multivitamins,
calcium, magnesium, and glucosamine. He experienced some
relief in his symptoms by December 2014.

Approximately 1 year following his ankle injury, on
February 5, 2015, G.G. underwent removal of his plateau in
an attempt to alleviate his pain. Unfortunately, his symptoms
such as pain, swelling, and allodynia intensified and he
presented to our clinic with hopes that hyperbaric oxygen
therapy (HBOT) could potentially improve his symptoms.

On March 17, 2015 (13 months since initial injury, 6
weeks since last surgery), prior to commencing HBOT, G.G.
complained of a constant, dull, aching pain with intermittent
shooting sensations. His numeric rating scale (NRS) pain
score was 7-8/10 at its worst and 6/10 on average. Walking,
standing, and sitting exacerbated the pain, and the pain
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was most intense by the evening. Additionally, allodynia
around the lateral malleolus made everyday activities such as
putting on socks and shoes quite difficult. The patient also
reported weakness in his left lower leg, swelling around the
ankle, and purple discoloration after prolonged standing or
physiotherapy.

Physical examination revealed a purple, discolored, ede-
matous area over the left fibula into the lateral malleolus,
engorgement of the left ankle veins, atrophy of the left
gastrocnemius muscle, and decreased skin temperature in
the left foot. There were tenderness and sensitivity to touch
below the lateral aspect of the left knee. Tinel’s sign was
positive in the distribution of the left superficial peroneal
nerve with sharpness and tingling into the left first three
digits. There were decreased left ankle range of motion, an
impaired tolerance to plantar flexion endurance of the left
foot and ankle, and a decreased walking distance by 6-minute
walk test for age related norms.

2. Methods

Written Informed consent was obtained from the patient
for publication of this case report. The patient is a 41-year-
old man with CRPS of the left leg as a result of a work
related injury. He received fifteen 90-minute HBOT sessions
at 2.4 ATA, 1 session per day, 5 days per week for 3 weeks.
The Brief Pain Inventory (BPI) and the Hospital Anxiety and
Depression Scale (HADS) were administered at baseline and
at completion of the treatment. The BPI asks respondents to
rate their worst, least, average, and current pain on a 10-point
scale (0 = no pain, 10 = pain as bad as you can imagine),
followed by a rating of how much their pain interferes with
everyday functioning (e.g., “walking ability,” “normal work,”
and “mood”) [4]. HADS defines mood and anxiety as 0-7 =
normal, 8-10 = borderline abnormal, and 11-21 = abnormal
[5]. Pain scores were recorded hourly on a numerical rating
with a scale of 0 = no pain at all, 5 = moderate pain, and 10 =
worst pain possible.

3. Results

3.1. Pain Intensity. A pain diary was kept for the duration
of the treatment, where hourly pain scores were collected.
Prior to HBOT treatments G.G’s baseline pain was 7/10. His
average pain was 5.1 = 0.73 on day 1 of the treatment, 4.5 +
0.52 on day 7, 3.0 + 0 on day 14, and 3.2 + 0.41 at the end of
treatment.

3.2. Brief Pain Inventory (BPI). G.G. reported a 30% reduc-
tion in pain interference from baseline for general activity,
57% for mood, 44% for walking ability, 50% for normal work,
29% for relations with other people, and 30% for enjoyment
of life.

3.3. Hospital Anxiety and Depression Score (HADS). Before
starting treatment, the patient scored 9 on the depression
scale and 6 on the anxiety scale of the HADS. After treatment,
his postscores were 6 on the depression scale and 4 on the
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anxiety scale, demonstrating an improvement in the patient’s
mood immediately after HBOT.

In summary after 3 weeks of 15 HBOT treatment ses-
sions, the patient reported a progressive improvement in
his symptoms. He had lower pain scores. The swelling and
purple discoloration of his ankle were both reduced. At the
end of HBOT treatment, his pain had reduced to 3.32/10
(mild range), and he reported being able to tolerate longer
standing and walking without pain exacerbation. In addition,
the area of allodynia around the scar and lateral malleolus
almost disappeared. Tinel’s sign in the distribution of the
left superficial peroneal nerve became negative. The range
of motion in the left ankle improved (dorsiflexion increased
by 7°) and demonstrated 20% improvement in the 6-minute
walk test. The patient tolerated hyperbaric oxygen treatments
well with no complications.

3.4. 1-Month Follow-Up. G.G. was seen in follow-up 1 month
following the completion of the HBOT treatments and his
benefits were maintained. His pain was lower at 2/10, the dis-
colored area of skin had returned to its normal color, and the
reductions in swelling and allodynia had been maintained.
Most impressively, G.G. had made a complete return to work
and his regular duties as a fire fighter. Furthermore, he had
started jogging—an activity he would not have been able to
tolerate before HBOT.

3.5. 6-Month Follow-Up. G.G. was contacted by phone 6
months after the completion of the HBOT. He reported
intermittent pain in his left ankle with the maximum intensity
being 3/10 on NRS. He does not take any medications. He
continues to work full time as a firefighter. He jogs short
distances several times a week.

Taking these pre/postdifferences into account as well as
the self-reported and objective improvements in appearance
and functioning, this patient has demonstrated benefits from
HBOT.

4, Discussion

This case report demonstrates a positive effect of HBOT in a
patient with a one-year history of lower limb CRPS.
Hyperbaric oxygen therapy is a medical treatment
defined as an intermittent inhalation of 100% oxygen in a
hyperbaric chamber at a pressure higher than 1 absolute
atmosphere (1ATA = 760 mmHg, the normal atmospheric
pressure at sea level). It is indicated for the treatment
of decompression illness, gas embolism, delayed radiation
injury, refractory osteomyelitis, necrotizing infections, com-
promised grafts and flaps, complex wounds, carbon monox-
ide poisoning, sudden neurosensory hearing loss, acute reti-
nal artery occlusion, severe burns, and acute severe anemia.
It has not been approved by FDA or Health Canada for
treatment of CRPS or other chronic pain conditions. HBOT is
a safe and reliable treatment with very few contraindications
and side effects. The absolute contraindication is untreated
pneumothorax. Common side effects are mild and reversible
and include middle ear barotrauma, sinus pain, and myopia.
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Central nervous system toxicity is very rare and does not
cause permanent damage. Pulmonary toxicity is dose related
and can appear as dry cough, chest tightening, and temporary
impairment of pulmonary function. With careful patient
selection, education, and following treatment protocols, side
effects and complications are largely preventable.

The therapeutic effects of HBOT are based on a sup-
raphysiologic increase in the amount of dissolved oxygen
carried by the blood. This increase allows oxygenation of
ischemic areas with compromised circulation. HBOT acti-
vates oxidant-antioxidant mechanisms via an endothelial
nitric oxide (NO) pathway, which plays a key role [6] in
stimulating secretion of growth factors such as vascular
endothelial growth factor, hypoxia inducible factor-1, and
stem cells. By activating signal transduction cascades, HBOT
has been shown to mediate tissue healing and improve
postischemic and inflammatory injuries [7]. Furthermore,
HBOT may cause an immediate and prolonged analgesic
effect which is initiated and maintained by NO and NO-
dependent release of endogenous opioids [8-10].

There is a growing body of evidence that HBOT decreases
pain in different acute and chronic pain conditions [11].
Previous animal studies have highlighted the analgesic effect
caused by HBOT, in nociceptive, inflammatory, and neu-
ropathic pain models [10, 12, 13]. HBOT has been found
to decrease mechanical hyperalgesia and inflammation in a
rodent model. The antinociceptive effect was apparent imme-
diately following HBOT and persisted up to 5 h posttreatment
[12]. Inflamed tissues have increased cellular activity and
consume more oxygen than noninflamed tissues. It is pos-
tulated that the improvements found after HBOT are related
to the increased oxygen supply provided to the inflamed
cells. Hyperoxygenation increases ATP production for energy
related cellular functions and prevents anaerobic metabolism
and tissue acidosis which has been associated with an increase
in pain behaviours in animal models. Using a neuropathic
pain model of L5 ligation and chronic constrictive injury of
the sciatic nerve in rats, Thompson and colleagues demon-
strated that 2 weeks of HBOT significantly improved pain
levels and recovery during therapy and posttreatment [14].
The positive effect of HBOT on allodynia and hyperalgesia is
postulated to be related to inhibition of endoneuronal TNF-«
production [15].

In human trials, HBOT improved pain scores and range
of motion in patients with idiopathic femoral head necrosis
[16] and attenuated pelvic pain in females with interstitial
cystitis [17]. HBOT had rapid onset and a long lasting effect
in patients with idiopathic trigeminal neuralgia [18]. It was
found to be an effective treatment in cluster headaches
and migraine [19] and fibromyalgia [20, 21]. The potential
benefits of HBOT in the treatment of CPRS were initially
reported in a small double-blind, randomized, placebo-
controlled study at a military hospital in Turkey on 71
patients with six-week history of traumatic CRPS of the
upper extremity [22]. The treatment group received fifteen
90-minute HBOT sessions at 2.4 ATA, while the control
group received fifteen 90-minute sessions in the hyperbaric
chamber with normal air. The CRPS patients that received
HBOT demonstrated significantly lower pain scores and

improvement in edema and range of motion after the 15th
treatment and at 45 days posttreatment (p < 0.001). The
authors concluded that HBOT was an effective method for
decreasing pain and swelling and increasing wrist range of
motion in patients with new onset posttraumatic CRPS. The
possible mechanisms explaining therapeutic effects of HBOT
in CRPS could be related to tissue oxygenation, restoration
of aerobic metabolism, correction of hypoxia, acidosis, and
modulating NO activity and oxidative stress. This case is
another supporting piece of evidence with respect to the
above study.

It has been suggested that CRPS is related to dysfunc-
tion of the central and autonomic nervous systems [23-
25], inflammation [26], immune system dysfunction [27,
28], and microvascular pathology leading to tissue hypoxia
and ischemia [3, 29]. A recent study, which examined the
effects of HBOT on patients with fibromyalgia, demonstrated
that HBOT rectifies abnormal brain activity related to pain
processing. HBOT decreased hyperactivity and blood flow
in posterior brain regions and elevated activity and blood
flow in the prefrontal cortex [21]. It is possible that similar
mechanisms may have mediated the improvement in the
CRPS symptoms seen by G.G.

G.G. presented with long-standing CRPS resistant to
medical therapy and on disability. His symptoms flared up
after arepeated surgical intervention aimed at pain reduction,
which added an inflammatory component in addition to
neuroplasticity changes. Following a 3-week course of HBOT
therapy, G.G. had a significant reduction in pain intensity,
allodynia, vasomotor symptoms, and pain disability which
enabled improved function and return to full-time work.

5. Conclusion

HBOT may be effective in the treatment of chronic CRPS.
Further randomized controlled trials in patients with long-
standing CPRS should be conducted in order to define the
role of HBOT in the treatment of this potentially devastating
condition.

Additional Points

Hyperbaric oxygen therapy (HBOT) is a treatment that
delivers 100% oxygen at increased atmospheric pressures.
We present our experience with posttraumatic Complex
Regional Pain Syndrome (CRPS) in a patient who underwent
15 sessions of HBOT. After three weeks of HBOT, he had
reduced pain scores, decreased swelling, less allodynia, and
improvements in range of motion of the lower limb. Patient
was back to work for the first time in over a year. HBOT may
be considered as a valuable therapeutic tool in the treatment
of long-standing CRPS.

Disclosure

Dr. Hance Clarke is supported by a Merit Award from the
Department of Anesthesia at the University of Toronto.



Competing Interests

The authors declare that they have no competing interests.

References

(1]

(2]

(10]

(14]

F. Birklein, M. Weber, and B. Neundorfer, “Increased skin
lactate in complex regional pain syndrome: evidence for tissue
hypoxia?” Neurology, vol. 55, no. 8, pp. 1213-1215, 2000.

M. Koban, S. Leis, S. Schultze-Mosgau, and E Birklein, “Tissue
hypoxia in complex regional pain syndrome;” Pain, vol. 104, no.
1-2, pp. 149-157, 2003.

G. A. Bellingham, R. S. Smith, P. Morley-Forster, and J. M.
Murkin, “Use of near infrared spectroscopy to detect impaired
tissue oxygen saturation in patients with complex regional pain
syndrome type 1" Canadian Journal of Anesthesia, vol. 61, no. 6,
pp. 563-570, 2014.

G. Tan, M. P. Jensen, J. I. Thornby, and B. E Shanti, “Validation
of the brief pain inventory for chronic nonmalignant pain,” The
Journal of Pain, vol. 5, no. 2, pp. 133-137, 2004.

A. S. Zigmond and R. P. Snaith, “The hospital anxiety and
depression scale;” Acta Psychiatrica Scandinavica, vol. 67, no. 6,
pp. 361-370, 1983.

K. Venetsanou, G. Fildissis, R. Tokta, C. Brinias, and G.
Baltopoulos, “The role of nitric oxide in cellular response to
hyperbaric conditions,” European Journal of Applied Physiology,
vol. 112, no. 2, pp. 677-687, 2012.

S. R. Thom, “Oxidative stress is fundamental to hyperbaric
oxygen therapy;” Journal of Applied Physiology, vol. 106, no. 3,
pp. 988-995, 2009.

L. P. Quock, Y. Zhang, E. Chung, Y. Ohgami, D. Y. Shirachi,
and R. M. Quock, “The acute antinociceptive effect of HBO2
is mediated by a NO-cyclic GMP-PKG-KATP channel pathway
in mice,” Brain Research, vol. 1368, pp. 102-107, 2011.

E. Chung, L. M. Zelinski, Y. Ohgami, D. Y. Shirachi, and R.
M. Quock, “Hyperbaric oxygen treatment induces a 2-phase
antinociceptive response of unusually long duration in mice,”
Journal of Pain, vol. 11, no. 9, pp. 847-853, 2010.

L. M. Zelinski, Y. Ohgami, E. Chung, D. Y. Shirachi, and
R. M. Quock, “A prolonged nitric oxide-dependent, opioid-
mediated antinociceptive effect of hyperbaric oxygen in mice,”
The Journal of Pain, vol. 10, no. 2, pp. 167-172, 2009.

A. M. Sutherland, H. A. Clarke, J. Katz, and R. Katznelson,
“Hyperbaric oxygen therapy: a new treatment for chronic
pain?” Pain Practice, 2015.

H. D. Wilson, J. R. Wilson, and P. N. Fuchs, “Hyperbaric oxygen
treatment decreases inflammation and mechanical hypersensi-
tivity in an animal model of inflammatory pain,” Brain Research,
vol. 1098, no. 1, pp. 126-128, 2006.

B.-S. Zhao, L.-X. Meng, Y.-Y. Ding, and Y.-Y. Cao, “Hyperbaric
oxygen treatment produces an antinociceptive response phase
and inhibits astrocyte activation and inflammatory response
in a rat model of neuropathic pain,” Journal of Molecular
Neuroscience, vol. 53, no. 2, pp. 251-261, 2014.

C. D. Thompson, M. L. Uhelski, J. R. Wilson, and P. N. Fuchs,
“Hyperbaric oxygen treatment decreases pain in two nerve
injury models,” Neuroscience Research, vol. 66, no. 3, pp. 279-
283, 2010.

E Li, L. Fang, S. Huang et al., “Hyperbaric oxygenation therapy
alleviates chronic constrictive injury-induced neuropathic pain
and reduces tumor necrosis factor-alpha production,” Anesthe-
sia and Analgesia, vol. 113, no. 3, pp. 626-633, 2011.

(16]

(18]

[19

(20]

[21

[22]

(25]

(26]

(27]

Pain Research and Management

M. Bennett, “Hyperbaric oxygen therapy improved both pain
scores and range of motion in patients with early idiopathic
femoral head necrosis (Ficat stage II),” Diving and Hyperbaric
Medicine, vol. 41, no. 2, article 105, 2011.

A. van Ophoven, G. Rossbach, E Pajonk, and L. Hertle, “Safety
and efficacy of hyperbaric oxygen therapy for the treatment
of interstitial cystitis: a randomized, sham controlled, double-
blind trial,” The Journal of Urology, vol. 176, no. 4, part 1, pp.
1442-1446, 2006.

N. Gu, J.-Y. Niu, W.-T. Liu et al., “Hyperbaric oxygen therapy
attenuates neuropathic hyperalgesia in rats and idiopathic
trigeminal neuralgia in patients,” European Journal of Pain, vol.
16, no. 8, pp. 1094-1105, 2012.

A. Schnabel, M. Bennet, F. Schuster, N. Roewer, and P. Kranke,
“Hyper- or normobaric oxygen therapy to treat migraine and
cluster headache pain. Cochrane review;” Schmerz, vol. 22, no.
2, pp. 129-136, 2008.

M. Z. Kiralp, G. Uzun, U. Dinger et al., “A novel treatment
modality for myofascial pain syndrome: hyperbaric oxygen
therapy,” The Journal of the National Medical Association, vol.
101, no. 1, pp. 77-80, 2009.

S. Efrati, H. Golan, Y. Bechor et al., “Hyperbaric oxygen ther-
apy can diminish fibromyalgia syndrome—prospective clinical
trial,” PLoS ONE, vol. 10, no. 5, Article ID e0127012, 2015.

M. Z. Kiralp, §. Yildiz, D. Vural, I. Keskin, H. Ay, and H. Dursun,
“Effectiveness of hyperbaric oxygen therapy in the treatment of
complex regional pain syndrome,” The Journal of International
Medical Research, vol. 32, no. 3, pp. 258-262, 2004.

B. Pleger, B. Draganski, P. Schwenkreis et al., “Complex regional
pain syndrome type I affects brain structure in prefrontal and
motor cortex,” PLoS ONE, vol. 9, no. 1, Article ID e85372, 2014.
M. J. Barad, T. Ueno, J. Younger, N. Chatterjee, and S. Mackey,
“Complex regional pain syndrome is associated with structural
abnormalities in pain-related regions of the human brain,
Journal of Pain, vol. 15, no. 2, pp. 197-203, 2014.

D.-H. Lee, K.-J. Lee, K. I. K. Cho et al., “Brain alterations and
neurocognitive dysfunction in patients with complex regional
pain syndrome;” Journal of Pain, vol. 16, no. 6, pp. 580-586, 2015.
T. Schlereth, P. D. Drummond, and F. Birklein, “Inflammation
in CRPS: role of the sympathetic supply, Autonomic Neuro-
science: Basic & Clinical, vol. 182, pp. 102-107, 2014.

A. Goebel and E Blaes, “Complex regional pain syndrome, pro-
totype of a novel kind of autoimmune disease,” Autoimmunity
Reviews, vol. 12, no. 6, pp. 682-686, 2013.

M. Dirckx, M. W. J. Schreurs, M. De Mos, D. L. Stronks, and F.
J. P. M. Huygen, “The prevalence of autoantibodies in complex
regional pain syndrome type 1" Mediators of Inflammation, vol.
2015, Article ID 718201, 5 pages, 2015.

M. Bussa, D. Guttilla, M. Lucia, A. Mascaro, and S. Rinaldi,
“Complex regional pain syndrome type I: a comprehensive
review,” Acta Anaesthesiologica Scandinavica, vol. 59, no. 6, pp.
685-697, 2015.



